Percutaneous needle tracheostomy and transtracheal ventilation continues to be advocated for the management of upper airway obstruction. Recent studies recommend the use of artificial ventilation. However, as apparatus for this is not always available and because there remains some doubt regarding conditions for successful use of needle tracheostomy during spontaneous respiration, we undertook such a study in dogs. Pressure-flow characteristics of short hollow needles 18-10 SWG were first determined. The smallest of these (14 SWG Bardic Intracath) that would deliver flow sufficient (by calculation) to meet the respiratory requirement of 10-13 kg laboratory dogs was selected for further study. Respiration was possible by spontaneous or artificial methods in the presence of complete tracheal occlusion. Little or no deterioration was noted in an hour of such breathing. Artificial ventilation by machine and by hand could considerably lower PaCO,. We conclude that the technique is possible provided appropriate needles are selected and care is given to their method of use.
INTRODUCTION
Needle tracheostomy, that is the percutaneous insertion of a hollow needle into the trachea, was described some years ago for the emergency management of acute upper airway obstruction. Some experimental data in patients and animals suggested the physiological practicality of this method under ideal conditions. However, it has been condemned by reports of failure in attempted resuscitation.
The introduction of the technique of high pressure jet ventilation into the lower airway has made it apparent this could be used with advantage where needle tracheostomy is indicated. 1 Yet there are situations necessitating emergency tracheostomy in which jet ventilators may not be available.
We considered that reports of failure with tracheostomy needles may have in part resulted from the choice of needles incapable of gas transfer at a rate appropriate to human needs.
A study was therefore undertaken to test this view.
METHODS
Static pressure-flow curves were recorded for a series of straight needles 1.5-2 inches in length. The butt end of each test needle was attached to a continuous air source. Between these was interposed a Fischer and Porter precision flowmeter and a baffle to reduce turbulence. The lateral pressure at the proximal end of each needle was recorded on paper using a Bell and Howell type 4-327-0109 pressure transducer and a Beckmann Dynagraph pen recorder.
One of these needles, the 2-inch, 14 SWG Bardic Intracath needle was chosen to demonstrate the feasibility of spontaneous and artificial ventilation in laboratory dogs. Healthy Beagle dogs (10.9-13.6 kg) were anaesthetised with pentobarbitone (30 mg/kg) and intubated with a cuffed endotracheal tube. They breathed 100070 oxygen throughout the procedure by means of an Ayre T -piece system or a Mark VII Bird ventilator. A heating Anaesthesia and Intensive Care, VD!. VIII, No. 1, February. 1980 blanket was used to avoid heat loss during experiments. The neck was shaved and the Intracath needle inserted percutaneously into the trachea about 1.5 inches distal to the larynx. Distal to this an 18 SWG needle was inserted for tracheal pressure recording. Initial observations were made during unobstructed spontaneous breathing. The endotracheal tube was then clamped after excluding any leaks and the dogs were made to breathe through the test needle. The dogs were divided into two groups. Both breathed through the needle for one hour, the first spontaneously and the second group paralyzed with suxamethonium and artificially ventilated. In this latter group, the Bird ventilator was adjusted at the outset of obstructed ventilation to maintain the PaCO, similar to that achieved during unobstructed spontaneous breathing. This state was maintained for half an hour and then ventilation increased for a second half hour to determine the maximum fall in PaCO,. Two dogs were manually ventilated for a further period of 30 minutes by this method to define the extent to which PaCO, could be depressed.
Femoral artery cut-down was employed. 
RESULTS
Pressure-flow relationships for the needles studied are shown in Figure 1 . We used these curves to select a needle with the smallest bore capable of a gas flow rate that might sustain respiration in our dogs. The 14-gauge Bardic Intracath appeared suitable and was chosen for further study. No. 18 SWG and 16 SWG needles were initially tested in two dogs. However, they were abandoned as neither would permit respiration without rapidly advancing respiratory distress.
None of the dogs died and all recovered from the experiments without obvious ill effect. The studies were repeated in some animals at 1-2 week intervals. Bronchoscopy was performed on each occasion and failed to identify any tracheal lesion.
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#14 Values at time "0" are for spontaneous respiration before the tracheal tube was clamped.
Artificial Ventilation
Ventilation was easily controlled by machine or hand, and it was possible to hyperventilate the dogs by either method. Typical respiratory and blood pressure changes are shown in Figures 7, 8 and 9 .
Respiratory minute volume during the first half hour of obstructed breathing with mechanical ventilation was set and maintained at the spontaneous respiration level noted immediately preceding this. Despite this, the tidal volume and rate were not well matched. Airway pressure in contrast to spontaneous Values at time "0" are for spontaneous respiration before the tracheal tube was clamped.
respiration was always positive. Once set, peak and mean inspiratory pressures did not change significantly during each half hour period. The PaO, and pH were maintained without a tendency to fall (Tables 3 and 4 ). Blood pressure and heart rate were stable and unaltered at each level of ventilation. However, increased ventilation caused the mean blood pressure to fall and heart rate to increase ( Table   4 ,5).
Maximal ventilation achieved by ventilator could be matched by hand. (Tables 4, 5) , (Figures 8, 9 ). The lowest PaCO, (23 mmHg) was recorded during hand ventilation.
DISCUSSION
The findings of this study confirm those previously reported 2 ,3,4 that it is possible to support ventilation by needle tracheostomy under controlled conditions. The key factor for success is the appropriate selection of a needle or cannula that will allow gas flow adequate to the individual's ventilation needs . Tables have  been presented by Bougas and CookS for respiratory flows at various ages. From these it t: 'e'" ,,.'-' ... e llllll11 llUlllHUU ll11uill --ulilllill~ff!I'1tl'U1ill'i'tll'lli'N91!mmll~'1l'1\1l1111 ,......,tlll111111111111111111111llllllilllllllllllllilUllll --I . , ' " . , " 'f'" '1"'11' '[ , ,
• . , . , H IL 1:"1 i~ 1 I, I . • 11 i j' is possible to estimate the size of needle that would meet resting respiratory requirements at various ages. However, they further conclude that needle 13 SWG or smaller would not be adequate for spontaneous respiration at peak airway flows. It must be appreciated that all studies reported for humans and animals have been carried out under the basal conditions of anaesthesia.
Body movement and vigorous obstructed breathing that occurred in the present study, during light levels of anaesthesia, caused needles to move. This aggravated obstruction frequently and also caused bleeding. We noted that blood and secretions readily block needle lumina, necessitating a stylet for clearance, although occasionally suction would suffice. There was, therefore, a constant need for attention to needle position and patency. It seemed to us that a cannula would be a better choice for airway maintenance.
We conclude that needle tracheostomy is feasible for emergency management of acute upper airway obstruction occurring under resting conditions. However, this may not be true for the struggling hypoxic patient. Transtracheal jet ventilation would appear to offer the best means of maintaining respiratory function where small needles or cannulae must be employed. Spontaneous respiration through one or more appropriately sized needles should be permitted only as a last resort. Values at time "0" are for spontaneous respiration before the tracheal tube was clamped. Values at time "0" are for spontaneous respiration immediately prior to clamping tracheal tube. n --------------------------------- 
